Digital technology in PhD education
Digital technology increasingly is infiltrating higher education. It is used to offer tools in research and teaching, as well as in administration and management. There is a large debate about the chances and risks of various degrees of digitisation of the academia. Some hope that digital technology will open new chances to access education and disseminate knowledge to a larger public whereas others fear that it will question national educational systems in a global commercial competition (Kim 2015) .
In the discussion on digital technology in (higher) education, digital technology is often attributed a potential of transforming current educational systems and learning practices. The question is, to what extent digital technology has the potential to transform PhD education and to open up new horizons that otherwise could not have been addressed before. Or does digital technology 'only' improve PhD education to some extent, for example to improve opportunities to apply for education abroad or accelerate the access to international knowledge over the Internet (Wildy, Peden & Chan 2015) ? These 'improvements' should be seen as important and as prerequisites for scholars if they want to participate in the world-wide network of research and knowledge. Yet, they do not automatically constitute a transformation of education.
The following paper will address a new way of using digital technology in PhD education. With a Community of Learning (CoL) we explore how digital technology can help doctoral students in African universities to participate in global scholarly communication. In section two, we discuss ongoing global developments in PhD education, impacting doctoral programme access, discourse and outreach. With doctoral education in general becoming more global, reaching target groups beyond traditional full-time PhD students, developing new and different ways in which programmes are offered, and using digital technology to disseminate research results, the sector as a whole has been transformed in the last few decades. In section three, we cover the use of CoL in PhD education and debate how the use of CoL potentially improves and adds to the educational offerings. The case we discuss in section four and five, the Community of Learning for Africa (CoLA), combines both the changing doctoral education scene and use of CoL, in order to support African PhDs in obtaining their degree. Section six includes a discussion around the improvements to be achieved with this type of approach.
African PhD fellows who are interested in completing (part of) their research in Europe cannot always afford to leave their place of residency for prolonged periods of time. Yet, young researchers from African countries might be searching for particular guidance from experts in their field that might not be accessible in their home countries. Consequently, both PhD fellows and universities and postgraduate research institutes require more flexible educational formats that cater for these circumstances. With the growing availability and potential of online tools and methodologies, it is possible to choose from a range of options for PhD education. Communities of Learning (CoL) have emerged as an approach to support the exchange of knowledge and experience among participants on the Internet. Participants can collaborate in developing research skills, while at the same time creating a feeling of belonging, which helps individuals to establish personal ties and relations. The paper introduces the research and educational project: Community for Learning for Africa (CoLA). It was designed to help participating actors from Africa and Europe to get and to stay connected online, to collaborate in joint training activities and projects, as well as to openly exchange ideas and thoughts, all in relation to underlying PhD research trajectories via the Internet. The paper offers results from a needs assessment undertaken in spring 2015, among PhD fellows and supervisors in Africa on what they would need CoLA to include, as well as template of what CoLA could include.
The changing scene of doctoral education
The increasing demand and supply of graduate education has led to a massification of graduate education (Clark 2007; Jablonski 2001; Pearson 1999:270; Pearson, Evans & Macauley 2004:350; Wellington & Sikes 2006; Wildy et al. 2015) . Research is no longer solely conducted by a small, selected group within specialised institutions. Instead, there is a scale of options to follow a PhD, including the traditional PhD, professional doctorate, practice-based doctorate and parttime doctorate (Park 2007) . With an extension of offerings from full-time traditional PhD programmes to part-time and professional PhD programmes, PhD research has become an activity that is increasingly incorporated in employees' regular job descriptions and everyday working environment (Lee & Boud 2003; Wildy et al. 2015) . Lifelong learning gains in importance, as employees need to continuously update their knowledge and skills to face the challenges and tasks of today's turbulent economic environment (Craswell 2007; Gherardi & Nicolini 2000) . Consequently, a growing number of employees has decided to become a doctoral student, return to university, acquire specialist knowledge and research skills (Pearson et al. 2004:348) and thereby enhance their chances to improve their career paths (Pearson 1999) .
Since the early 2000s, we also see a gradual change within the programme offering of non-traditional doctoral programmes taking place. Initially differences between traditional doctoral education and professional or part-time doctoral education were mainly visible in a changed structure of the offered material. Over time the differences became more clear, with a move towards an adjustment of content to suit the knowledge acquisitions within the workplace better, towards shift in roles and responsibilities to be more demand-driven rather than supply-driven (Chapman 2008; Costley & Lester 2014; Lester 2004; Park 2007; Scott et al. 2004; Wildy et al. 2015) . Motivations to enrol in programmes include, among others, research skill development, professional development, intrinsic interest in the topic and interest in lifelong learning (Guerin, Jayatilaka & Ranasinghe 2015) . PhD trajectories with dyadic student or supervisor relationship (Malfroy 2005) are replaced with alternative communities to support the different learning process (Smith & Bath 2006 ). Yet, while facing an increasingly diverse group of PhD fellows, the vast majority of providers still assume 'an on-campus, full-time student experience' (Pearson 1999:270) .
The growing availability and potential of online learning tools offers universities and postgraduate research institutes considerable flexibility to cater to the diversity in doctoral learning and to foster their development (e.g. Allan & Lewis 2006; Chalmers & Keown 2006) . In this context, CoL have been suggested to allow for an effective exchange of knowledge and experience between and among participants (Rehm 2013) . Here, participants collaborate in developing research skills, while establishing and strengthening personal ties and relations, which in turn contribute to a feeling of belonging. As a result, learning processes and outcomes can be positively affected (Romsdahl & Hill 2012) .
Communities of Learning for (doctoral) education
More specifically, CoL have received a growing amount of attention among practitioners and researchers alike (e.g. Allan & Lewis 2006; Rehm, Gijselaers & Segers 2014 , 2015 Rehm et al. 2016; Swan, Scarbrough & Robertson 2002) . CoL are defined as groups of people that 'engage in collaborative learning and reflective practice involved in transformative learning' (Paloff & Pratt 2003:17) . Furthermore, three distinctive aspects of CoL can be identified that differentiate the concept from alternative approaches, such as Communities of Practice (Lave & Wenger 1991; Wenger, McDermott & Snyder 2002; Wenger & Snyder 2000) . Firstly, CoL provide structure to the underlying learning processes. Secondly, CoL are monitored and facilitated by dedicated supporting staff. Finally, learning processes and outcomes are monitored, validated and assessed in order to safeguard the quality of the learning process and to legitimise all diplomas and degrees. A considerable amount of research has investigated the main characteristics of learning communities based on their growing importance and popularity (e.g. Alavi (Rehm & Van de Laar 2015) . More specifically, research has revealed considerable differences in the activity patterns (Rehm, Giesbers & Rienties 2009 ), as well as behaviour towards facilitators (Rehm et al. 2012 ) between regular students and working professionals. Additionally, working professionals have been shown to experience a certain level of apprehension when engaging in collaborative learning processes or providing feedback (Caffarella & Barnett 2000) . Malfroy (2005) has attributed this feeling to a perceived loss of authority and leadership. While they tend to certain responsibilities and tend to be accustomed to certain privileges in their daily (professional) work, the classroom setting can work against these circumstances, creating a level playing field, where they are expected to, among others things, to listen to and respond to feedback and possibly critique. Hence, an investigation of the social context of online learning in relation to behaviour and performance has been proposed (e.g. De Laat & Lally 2003).
The main characteristics of CoL can be categorised into six aspects, namely open dialogue, flexibility, public and private spaces, informal discussions, interaction and rapid feedback (e.g. Amin & Roberts 2006; Rienties et al. 2006) . Taken together, these aspects make CoL an appealing option for providing teaching and learning opportunities for a diverse group of PhD fellows.
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Open dialogue: Everybody is stimulated and encouraged to contribute to each other's learning process.
Flexibility: Professional doctoral students are subject to considerable time constraints as they will remain a vibrant part of their working environments. A high level of flexibility allows individuals to remain active in the CoL, continue their research irrespective of time and place, and show progress in their PhD trajectory.
Public and private community spaces: Public spaces stimulate the overall exchange of information and knowledge among all participating actors in a CoL. Private spaces foster discussions within a more confined space, allowing participants to more easily establish and strengthen personal ties with their fellow researchers (Gannon-Leary & Fontainha 2007).
Informal discussions: Here, individuals can get to know each other better and stay connected. Scholars like Gannon-Leary and Fontainha (2007) have proposed that these types of discussions substantially contribute to the success of CoL by creating a sense of belonging and trust between the participating individuals.
Interaction: In order to bridge the often vast geographical distance between members of a CoL, participants should be stimulated to actively use various (a)synchronous communication tools, such as discussion forums or web conferencing portals (Hung & DerThanq 2001) . On the one hand, this allows for a more fluent and direct dialogue between peers. On the other hand, this also enhances the opportunities to communicate with (academic) supervisors.
Rapid feedback:
Similarly to the previous aspect, in order to tackle the often vast geographical distance between members of a CoL, individuals should always receive (rapid) feedback when they pose questions or answers. This enhances the communication flow between all members of CoL and has advantageous effects on the overall performance of the individuals.
The need for capacity building of African PhD fellows
Doing a PhD is a distinct career choice. When starting, it is often unclear to the fellow what kind of education he or she is actually starting and only once he or she is well under way does it becomes clear what challenges are taken up. Rough estimations indicate that about 20% of all starting full-time PhD students will not finish their PhD thesis, and thus will not obtain their degree (Jump 2013 ). This number is referring to PhD students, starting their PhD education in a university in a developed country, where facilities such as library access, journal subscriptions, Internet access and office space are available, and staff with capacity to supervise is present. It is thus likely that the failure rate of obtaining a PhD will be higher, when conditions to work on the PhD deteriorate.
In the case of the CoLA, we specifically focus on PhD students working in sub-Saharan Africa. More recently, research on higher education in Africa has become more prominentalthough research and literature is generally focused on the South African case and is mainly conducted by South African researchers. When research and literature does originate in other countries, authors tend to be affiliated to established universities, located in relatively well-off African countries (Van de Laar et al. 2016) . Research shows that there is a clear need for capacity development in higher education in Africa. Enrolment in graduate programmes is low, dropout rates in undergraduate programmes are high and the higher education system in general remains inefficient (Cloete 2016b) . Cloete, Mouton and Sheppard (2015) illustrate that enrolment in doctoral programmes, while high in South Africa, remains very low across the rest of Africa. With the majority of focus and funding aimed at primary and secondary education, the development of higher education is lagging behind and scientific output is limited. While the African quality and quantity of research output increased greatly over the past decade, the research output remains below 1% of total global research output (i.e. World Bank & Elsevier 2014). There is a need to build capacity in universities; however, the supply of people qualified to increase skill levels is limited. Cloete et al. (2015) and Bunting et al. (2014) illustrate that enrolment in doctoral programmes has seen an overall increase. However, most of this increase is seen in South Africa and completion rates remain relatively low. Less than 20% of initially enrolled doctoral students graduate from South African programmes and this number is even lower in other countries (Bunting et al. 2014; Cloete et al. 2015) . While PhD education is a good pathway to locally increase higher education capacity, there is a shortage of good applicants for doctoral programmes, a shortage of doctoral programmes, a shortage of in-house content capacity to supervise PhD students, a shortage of funding PhD research in Africa, a shortage of studies on how to build capacity in higher education and a shortage of studies on doctoral education in Africa (Cloete et al. 2015; Smit, Williamson & Padayachee 2013; Van de Laar et al. 2016 ).
The relevance and need to boost higher education in Africa is clear. Yet, how to do so is less evident. The doctoral landscape is transforming, and the African continent feels the impact of this change beyond average. Enrolment in doctoral programmes remains low and graduation rates are even lower (Bunting et al. 2014; Cloete et al. 2015) . The percentage of the population that graduated from doctoral programmes in developed countries ranges broadly between 1.5% and 2%. In sub-Saharan African countries, recent numbers indicate that between 0% and 0.5% of the population has obtained their PhD degree (UNESCO UIS n.d.). 1 With a globalising world and with transparent open application systems, we see an increase in mobility of the top students, creating brain drain in developing countries. However, institutions in developed countries will accept only a limited number of inhouse fellows. In addition, African individuals, specifically mid-career professionals, may not always be interested to move continents to be higher educated. With families to support and jobs to fulfil, they benefit more from better education at home. Educating people in developing countries is costly and often only beneficial to the direct recipient if there is support from the community and family (Bharuthram & Kies 2013; Cloete 2016a ).
Needs assessment among African PhD students
In order to see if it is possible to support African PhD students by means of digital technology, specifically by offering a CoL, more knowledge was required on the specific needs of the potential users of the platform. There was a clear target population for our needs assessment, being PhD fellows and their supervisors based in a sub-Saharan African institute. Based on publications within the Web of Science, we created a list of approximately 16 000 researchers, working in the target research area of our study. 4 Between 26 March 2015 and 20 April 2015, data were collected using an electronic survey tool. A total of 269 respondents completed the survey. These responses are not representative for the target population in Africa, but the data collected are sufficiently rich to serve the purpose of verifying if our intended CoLA offerings are in line with the actual needs of PhD fellows in Africa. Respondents to our survey are more likely to come from South Africa, Zimbabwe and Nigeria than other countries, and are more likely to be employed by better established universities within their countries, and from cities with better infrastructure such as Internet access. The sample is further biased towards individuals that have 2.CoLA is an initiative of UNU-MERIT and Maastricht University. We obtained a University Funds Limburg/SWOL subsidy to do a needs assessment, map the actors in Africa interested in PhD capacity building, define activities and courses needed to support the PhD fellows in Africa, as well as support their supervisors to execute their supervision job. We obtained a WUN subsidy to pilot the first platform among PhD fellows of selected African universities.
3.The first preliminary instrument was elaborately discussed with African PhD students and African professors in the Netherlands, who from personal experience know the situation in one or more institutions (four interviews). The adjusted instrument was tested using an online survey link. During this test phase, African in-house PhD students filled out the instrument, while research assistants monitored their answering behavior in person. Feedback was discussed and small changes were made to the instrument. Lastly, we piloted among purposefully selected African master's and PhD students located in sub-Saharan Africa and asked them to test the instrument, before sending it out in the mass mailing. Figure 4 shows that both students and supervisors indicate a need for support in defining research questions, doing literature reviews, data collection and analysis and skills development. The responses of supervisors and fellows almost perfectly aligned, which indicates the request for support comes from staff and students.
In the case of education in Africa, public institutions, particularly those in rural areas, do not have the capacity or funding to give their students access to technology or ICT education in general. Most students get their first computer lessons during their first year of university. Consequently, African PhDs are already disadvantaged, having just learned a skill that students in more developed countries pick up at the primary school level. Moreover, they continue to have poor access to Internet and ICTs in general outside of major cities (Bharuthram & Keis 2013; Evans & Le Roux 2016; Marais & Blignaut 2016) . It therefore comes as no surprise that respondents to our survey asked for more interaction and feedback from supervisors, better access to literature and training, user-friendly platforms and easy access to learning materials and softwares, both online and offline.
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A community of learning for African PhD students
The overall aim of the UNU-MERIT & MGSoG is to set up a Community for Learning for Africa (CoLA) on the general topic of 'Innovation' and 'Governance', where participants from a wide variety of target groups are enabled to get connected and stay in touch, collaborate in learning activities and projects, as well as to openly exchange ideas and thoughts. More specifically, the envisioned target groups of the CoLA include PhD fellows as main receivers of support and researchers, working professionals and alumni as providers of knowledge. PhD students will remain affiliated with their home university, their supervisory teams stay in place and all services offered by CoLA are complementary to the already offered PhD education and support by the home university.
The basis for this community will be a range of different activities that will build on three main pillars, namely courses, repository and community. Each of these aspects will contribute to an active exchange of information, experiences, knowledge and expertise, as well as the further (academic) development of participating actors. In order to be functional, CoLA will need to take into account the limited infrastructural support locally (e.g. lack of electricity, lack of Internet and requirement to use telephone), the 24/7 availability (to service people with other commitments to use CoLA at a moment they have time to work on their PhD -based on the new type of PhD engagement), the complementarity of services (as CoLA does not compete with supervisors, but functions as add-on) and the sustainability criteria (with limited input from all partners, and increased knowledge sharing by participants -the community aspect).
The CoL will introduce the main concepts and methodologies related to the two overarching topic domains (e.g. Innovation and Governance), which will include a wide range of educational activities. The underlying goal is to create an environment in which theory and practice are effectively interlinked and an open exchange between the two is stimulated. More specifically, CoLA will provide access to three types of CoL:
1. Online training modules: The modules provide the means for members of all identified target groups to engage in (collaborative) learning activities, thereby expanding the knowledge and skills of all participants. 2. Online research support: While young researchers (e.g. PhD fellows) have access to valuable expertise in their home institutes, they might sometimes be looking for additional guidance from (international) experts. This can range from occasional questions to structural PhD supervision projects. CoLA will cater for these types of support by providing a portal where young researchers can communicate with international experts on an ongoing basis (via various communication channels). 3. Repository of services: With an increased availability of free of charge open access research support services, the need to develop new material becomes small. An inventory of links to those services, with the option to add new items and contribute to the repository by all participants
As the needs assessment shows, there is a clear need for support in the area of research skills and topic specific knowledge. Institutions of higher education are continuously looking for new ways and methods to teach and train their target groups. In this context, the use of ICT-tools and the development of online learning methodologies constitute a vital development that has received ever-increasing attention. This demand is mainly driven by the increasing diversity of learners from various educational backgrounds, and although international participants might fulfil all necessary application requirements, their educational backgrounds are often so diverse that they are effectively hindered from starting their studies. Additionally, new target groups, such as PhDs from African countries, cannot afford to leave their place of residency for prolonged periods of time, therefore requiring flexible educational formats that cater for these types of circumstances. Furthermore, in the context of PhD supervision, past experience has shown that young researchers from African countries might sometimes be searching for particular guidance and support that might not be easily accessible at their home institutes. As a consequence, numerous types and formats for online modules and support mechanisms have been developed. In this context, CoL have been suggested as a useful tool to meet these new requirements, by stimulating collaborative knowledge sharing among diverse individuals within social networks and irrespective of time and place.
In order to overcome these challenges, CoLA will begin with the development and implementation of online modules that have been identified as important building blocks in the educational process of the target groups in question. An initial set of courses that will be developed contains basic methodology courses, but also topic-specific introduction courses as well as topic-deepening courses.
The sustainability of the community is based on two main activities. Firstly, CoLA will provide a means to construct a growing repository of information and resources, as well as research activities. The repository will include access to external websites and support services that are offered open access and are related to the support we offer to our participants but also to live video conferences, lectures, podcasts and other multimedia resources. With participants able to comment on the items posted or items that are lacking, the project team will be supported with valuable feedback and suggestions, which can then proactively be incorporated in the further development of the CoLA repository. Secondly, building on the interest of CoLA PhD beneficiaries today, the CoLA participants will foster the creation of an alumni network, which can serve multiple purposes. The purpose of the alumni network is not only to create a network of African graduates working in related topics, but also to create an environment for lifelong learning. The network can also assist matching the demand for advice and support from more junior participants (e.g. PhD fellows) with the academic knowledge and expertise of more senior participants (e.g. working professionals and researchers). The main benefit of keeping CoLA alumni involved will be a growing support network of researchers based in Africa, which will hopefully foster research output on the African continent through cooperation and support of each other's activities. CoLA will provide the possibility for PhD fellows from different participating institutes and organisations to connect with and identify 'like-minded' colleagues, who work in similar research fields and who can potentially become partners in future research or project activities.
It is generally acknowledged that alumni, as well as (inter) national partners, can play a crucial role in contributing to the career opportunities of current PhD fellows. Similarly, if these groups are more actively incorporated in activities such as career services, it would also be possible to create a stronger link between the university and the alumni, which in turn would facilitate the process of 'staying connected'. While there are already databases containing vacant jobs and internships, faculties and institutes could better capitalise on their personal contacts with alumni and other external partners. This in turn could create favourable conditions contributing to more tailor-made solutions for PhD fellows. As a result, this also provides additional benefits for the applicable alumni and external partners providing a job opportunity, as the matching process between 'demand' and 'supply' would be enhanced.
In order to contribute to the development of such a matching process, CoLA will be based on the virtual learning environment Moodle, which will be hosted by UNU-MERIT & MGSoG. This environment is passwordprotected, only available to identified community members (African PhD fellows, their supervisors and other contributing actors). Here, interactivity will really be a collaborative process, allowing all participating actors to play an active role in this process.
Conclusions
With the changing PhD landscape, including more diverse ways to obtain a PhD, a global playground and opportunity to use technology to enhance lifelong learning, this paper discusses the opportunities to use a CoL to specifically service sub-Saharan African PhD students. As literature suggests and research output shows, academic productivity in sub-Saharan Africa is lagging behind the rest of the world, and targeting PhD students to build academic capacity locally might be a valuable way to support scientific development. Theoretically, an additional support service for PhD education, based on a CoL, can benefit the scholarly development of PhD students. It can address new and traditional groups of PhD students and offer new ways to develop research skills to become part of a global community of scholars. Our needs assessment, held among African PhD students and their supervisors, indicated the necessity to systematically support the development of research skills and topic knowledge in such a community. It can be supported with a virtual environment that provides access to scholarly materials as well as a communicative tool for social exchange and supervision.
What is specifically innovative about the current proposal is the extra layer of support that is developed in the virtual environment, offered by external parties combined in an online community. Actors, not institutionally connected to the PhD fellow, cooperate in the CoL with the aim of increased knowledge building and improved dissemination.
Yet, while innovative in approach, and potentially transformative for the PhD sector, the success depends on various factors, and successful implementation remains to be seen. With CoLA offered on an open platform, and in principle being open for all African doctoral students and their supervisors, access to the material is secured. Yet, the actual use of the platform by the fellows, enrolling in classes, engaging in debate and feedback loops and benefitting from and contributing to a repository of information that is up to date and valuable, is not yet fully tested. Even though PhD fellows indicate in the needs assessment that they would value these services if offered, we have not been able to evaluate the actual use of the platform by PhD fellows yet. With time being scarce, even more so when the PhD is done part-time, in addition to being employed, it remains to be seen that PhD fellows choose to use the services offered consistently. Until the platform has been more thoroughly piloted and tested for a prolonged period of time, we cannot fully assess if there are positive results coming from using the CoL. Learning analytics about the actual use of the services, course completion rates, and paper publication data must be collected in order to assess true impact. Before we can begin to speak about transformation, we would need to see voluntary consistent use of the add-on service, positive outcomes in terms of publications and course completion and longer term capacity development and even contributions to the CoL. In future research we want to further analyse what measures in CoL help to improve the scholarly development of PhD students and what measures could contribute to a further transformation of doctoral education.
